
RESEARCH MEMORANDUM 

COMPONENT  PERFORMANCE  INVESTIGATION OF J71 

I 
I 

! 
I 
I 

3%. EXPERIMENTAL  TURBINE < 
G$ K, I - OVER-ALL  PERFORMANCE WITH 97-PERCENT- 

D&IGN STATOR ARW 
- .  . . . .  . . .  

By Harold J. Schum and Elmer H. Davison 

Lewis Flight   Propulsion  System 
Cleveland,  Ohio 

NA?iONAL  ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
April 11, 1956 



COMPOWWL' PERFORMANCE IJKESTIGATIOI? OF J71 MPERIMFATAL ICITKBIIE 

I - OVER-AIL PERFORMANCE WITH 97-PERcmm- 

DESIGN STATOR AREAS 

gY Harold J. Schum and Elmer H. Davison 

The over-all comgonent performance characteristics of a 571 experi- 
mental  three-stage  turbine  with 97-percent-desfgn s ta tor   meas were de- 
termined over a range of speed  and pressure  ratio at inlet-aLr conditions 
of approdmately 35 inches of mercury absolute and 70O0 R. 

'&e turbine  brake  internal  efficiency at design  operating  conditions 
was 0.817; the maximum efficiency of 0.886 occurred at a pressure r a t i o  
of 4.0 at 120 percent of design equivalent  rotor speed. In general, the 
turbine yielded a wide range of efficient  operation,  permitting flexi- 
b i l i t y   i n   t h e  choice of different modes of engine  operation.  Iiimiting 
blade loading of the   third  rotor  was approachedbut  not  obtained over 
the  range of conditions  investigated  herein. A t  the  design  operating 
point, the turbine  equivalent weight flow was approdmately 105 percent 
of design. ChokLng of the third-rotor blaaes occurred at design speed 
and an over-a.ll pressure  ratio of 4.2. 

L. 

The NACA Lewis laboratory has been  conducting a general  study of high- 
work-output low-speed multistage turbines. A previous  experimental  in- 
vestigation of this type  turbine was made on the J35-A-23 two-stage tur- 
bine (ref. 1). I n  that investigation,  1Fmitiw blade loading  occurred i n  
the  secand-stage  rotor,  restricting  the  equivalent work t o  approdmately 
95 percent of the design  value. At the murum work output for  the  design 
equivalent speed, the turbine produced a brske internal efficiency of only 
0.75. A subsequent  study of the turbine  design problems f o r  tu6 en@+- 
(ref. 2) indicated that , f o r  various engine openting  conditions,  the 
t;urbine-outlet annular area becomes a c r i t i c a l  design criterion. An out- 
l e t  area that is too small resu l t s   in  a turbine  limiting-loading  condition. 
References 3 and 4, extensions of this study,  indicate  that, i f  the  out le t  I. 
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area I s  increased much over that of the 535-A-23 two-stage turbine  to 
avoid limiting loading,  difficulty is encountered i n  designing a two- 
stage  turbine  within preestablished limitations of Mach  number,  turn-, 
and static-pressure change. 

- 
" 

" 

" 

Although it would be advan-tageum with  respect  to camponent weights 
"- 

t o   u t i l i z e  a-two-stage turbine, it i s  obvious from references'3 and 4 that 
the aforementioned aeroaynamic design problems could be greatly simpllfied 
by including an addLtional turbine s-t;age. AccordingJy, the two-stage tur- 0 
bine of reference 1, which had a turbine-outlet  anmlar area of 405 square m -  
inches, was modified t o  a three-stage unit havlng  an out le t  area of 469 - 

square  inches. This three-stage  configuration was then  experimentally 
investigaAed (ref. 5 )  and was found t o  o b t a n  the desigg work at the de- 
sign equivalent  speed with an efficiency of 0.83. The pressure r a t i o  at 
which this design operating  point was obtained,. however, was greater than 
the  design  value of 3.5. Turbine lhltigg loading was closely approached 
and hence would r e s t r i c t  the possible.modes of englne operation. 
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This turbine (ref. 5 )  would be SurL€able for  operation  with  constant -. 

exhaust-nozzle &rea with reduced mechanical speed at cruise  condition-; 
However, if cruise  operation at the design mechmlcal  speed i s  reqvlred, 
this turbine would not be satisfactory, becayse the engine would operate 
with a considerably  Increased  specific fuel consmrption. With the latter 
mode of engine  operation, the turbine would be i n  limiting loading and 
would not be  CapableFof ut i l iz ing  eff ic ient ly  the pressure  ratio imposed 
across it. I n  order to  design a turbine 80 that  the engine  could  crcLse 
eff ic ient ly  at a ccrrnrstant mechanical  speed, a turbine-outlet  annulas &ea . 

even larger than 469 square inches would be required. The cycle analysis 
presented i n  reference 4 suggests that a turbJne-.~tlet,.anwXLar area of 
apprdmately 550 square inches would- keep the turbine  out of ,limiting 
blade loading and peHnit e f f ic ien t  errgine operation a t  constant  mechanical 
speed  aver the range of flight csnditions corrsidered. 
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In  order  to  obtafn a turbine of conservatfve aerodynmic design  that 
would peranit more f l e x i b i l i t y   i n  the modes of engine  operation that could 
be employed, a 571 aer imenta l   tu rb ine  was designed. T h i s  turbine 
was fabricated with three  stages and differed-* the Jj5-A-23 turbine- 
(ref. 1) and the J71 three-stage  turbine (ref. 5) i n  that the turbine- 
outlet annular area was increased t o  550 square  inches, as recommended i n  
refkrence 4. The 571 experimental  turbine wag designed t o  u t i l i ze  more 
air flow  than t h e  two reference  turbines. Subsequent t o  design,  howeve, 
and incorporated i n  the  subject  turbine, t h e  etator  areas were decreased 
t o  97 percent of the  original design values. The present  report  presents 
the  over-all performance characterist ics of this experimental  turbine 
when operated a t  constant nominal values of inlet  conditions of 35 inches 
of mercury absolute and 700' R. The mlt was investigated over a range 
of  speed from 20 ta I30 percent-of .design equivalent  speed and over tt 
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range of total-pressure ratio from 1.4 t o  4.8. Over-all  turbine  per- 
folrmance results are presented  herein i n  terms of brake internal effi- 
ciency and equivalent work (both  based on observed torque measurements), 

l en t  air weight flow. Also presented  herein  are  the  results, of inter-  
stage  static-pressure measurements. Additional  pert;inent results are 
l i s t e d   i n   t a b l e  I. 

- 
- equivalent  total-pressure ra t io ,  equivalent  rotational speed, and equiva- 
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SyMBOLs 

The following symbols are  used i n  this report: 

enthaLpy  drop 'based on torque measurements, Btu/lb 

acceleration due to  gravity,  32.174 ft/sec 

rotational speed, rpm 

pressure,  in. Hg abs 

rating t o t a l  pressure,  static  pressure plus velocity  pressure 
corresponding t o  axial. component of velocity, in. Hg ab8 

2 

gas  constant, 53.4 ft-lb/(lb) (OR) 

temperature, OR 

weight  flow, lb/sec 

- & weight-flow  parameter  based on product of equivalent weight flow WN 
606 and equivalent  rotor speed 

Y r a t io  of specific  heats 

6 r a t i o  of inlet-aLr  pressure t o  NACA 
pg29.92 in. Hg abs 

standard  sea-level  pressure, 

& function of y, - I SZ 

r e  
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91 brake  internal  efficiency,  ratio of actual turbine work base& on 
observed  torque measurements t o  ideal turbine work based on 
inlet total   pressure  pi  and outlet  total  pressure  corrected 
for  tangential   velocity p 

x, 7 

squared r a t i o  of c r i t i ca l .   ve loc i ty   to   c r i t i ca l   ve loc i ty  at NACA - . . .  .- 

standard  sea-level  temperature of 518.7O R, 
Y S l  

rs 2 + 1 m s 2  

T torque, f t - lb  

Subscripts : 

e engine  operating  conditione 

sz NACA s t a n w d  sea-level  conditions 

0 turbine-inlet measuring station, i n  t ransi t ion liner 

5 turbine maswrlng stat ion downstream  of second rotor 

6 turbine measuring s ta t ion damstream of third stator 

7 turbine-outlet measuring s ta t ion downstream of third  rotor  

8 turbine  tailcone-outlet m e a s u r i n g  s ta t ion  . 

0 

3 

. "" 

. 
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Superscript: 

t total   or  stagnation state 
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APPARATUS 
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The experimental J71 turbine  consists of  three  stages. The first 
two rotor  stages  are ful ly  shrouded, while the th i rd  r o t o r  stage is  un- 
shrouded. The turbine  equivalent  design  conditions  are  as follows: 

Work, Btu/lb . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.4 
Weight flow, lb/sec . . . . . . . . . . . . . . . . . . . . . . .  40.3 
Rotational speed, rpm . . . . . . . . . . . . . . . . . . . . . .  3028 
Inlet  temperature, OR . . . . . . . . . . . . . . . . . . . . .  518.7 
Inlet  pressure,  in. Hg abs . . . . . . . . . . . . . . . . . . .  29.92 

The  method of deriving  these  equivalent  design  conditions is presented 
i n  reference 1. 

The subject  turbine w a s  designed so that the f i r s t  stage would pro- 
duce 42 percent of the   to ta l  work, the second: stage 35 percent, and the 
third  stage 23 percent. Subsequent to design, and incorporated  into this 
experimental  turbine,  the  stator flow areas were decreased t o  97 percent 
of the or iglnal  design areas. All blade profile  sections had straight 
suction  surfaces downstream of the throat,  or minimum channel  width. 
The turbine geometry differed from that of the  original J71 three-stage 
unit   (ref.  5) and its prototype, the two-stage turbine from the J35-8-23 ' 

turbo jet engine  (ref. l), by the  aforementioned ro to r  shrouding and by the 
increase  in  the  turbine-outlet  annular  area t o  550 square  inches. This 
increase i n  area was acquired by diverging the turbine inner and outer 
shrouds. The turbine outer  diameter at  the  entrance t o  the f i r s t  stator 
was 33.5 inches; t h e  corresponding  inner  diameter was 27 inches. There 
was a 5O divergence of the outer wall from the  axis of the  turbine ro tor  
after  the f i rs t  ro tor .  A 12' convergence of the  inner wall toward the 
axis prevailed after the f b s t  stator.  This area change through the 
turbine can be noted on the schematic diagram of the  turbine shown i n  
f igu re  1. 

A photograph of the  over-all  turbine  experimental  setup i s  shown i n  
figure 2. The setup w a s  essenti-  the same as that  described i n   d e t a i l  
i n  references 1 and 5. Air was supplied by the  laboratory  cambustion-air 
s y s t e m  at approximately l l 0  inches of ,mercury absolute and w a s  .metered 
by use of a submerged A.S.M.E. f la t -plate   or i f ice .  The air was then 
throt t led  to   the desired turbine-inlet  pressure. A portion of this air 
was then  ducted through two commercial jet-engine  burners (see f ig .  2) , 
where it was burned. This heated air was then  reintroduced  into  the 
main aLr supply. The aLr was then  piped  into a plenum  chamber, through 
the  turbine  transition liners, through  the  turbine  blading, and f ina l ly  
was dischacrged in to  the .laboratory  alt i tude  exhaust  facil i t ies.  By 
regulating  the amount of f u e l  f l o w  t o  the burners, the desired  turbine- 
i n l e t  temperature could be .maintained.  Screens were  mounted in the plenum 

. 
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chamber t o  reduce air circumferential  pressure  variations. The pressure 
r a t i o  across  the  unit was w i e d  by butterfly th ro t t l e  valves  located  in 
the  exhaust  ducting. Turbine power output was absorbed by two cradled 
electrical. dynamataeters-of the  eddy-current wet-gap type  connected i n  
tandem. 

Air-flow masurements were made with the standa;rd A.S.M.E. orifice 
suhmerged i n  the 24-inch  combustion-air  supply lfne.  The f u e l  flow t o  
the  burners was metered by rotameters i n  the  fuel supply line, and the 
aLr flow t o  the  turbine was corrected f o r  this fuel additlm. The tur- 
bine  torque  output w a s  measured by means of a calibrated NACA balanced- 
diaphragm thrustmeter. . - .  - .  

Measurements .of temperature, t o t a l  pressure, and static  pressure 
were made i n  the &aL locations  indicated  in figure 1. !&e turbine- 
i n l e t  air state  was measured at station 0. A t  the inlet.  .masuring sta- 
tion, a cambination Uel-tm total-pressure probe and spike-typ thermo- 
couple was located  in  each of the  ten  transition liners approxjaately 8 
inches upstream of the first stator.  The cross-sectional axe8 of the 
t rans i t ion   l iner   a t  p i s  rneasuring station is approximately circular. 
The thermocouples were immersed 1/3 of the passage  depth, and the to ta l -  
pressure  tubes were Fmmersed 2/3 of the passage depth. B e  b t h m e t i c  
averages of the  ten thermocouple and of the ten  total-pressure-tub  read- 
ings observed at these radial locations were considered  representative of 
the average turbine-inlet  temperatwe and pressure,  respectively. 

. . .. 

U 

. The turbine-outlet measuring station  (station 7, f ig .  1) was located 
approximately 1-z inches dawnstream of the  third-stage  rotor and in the 

turb ine  tailcone proper. Provision  for measurfng t o t a l  pressure, s t a t i c  
pressure, and temperature were incorporated.  Five Z(ie1-type total-pressure 
tubes were .mmnted at ~ o u s  circzrmferential  locations and passage  depths. 
Eight s ta t ic   t aps  on the  outer radius of the passag and eight on the in- 
ner radius were also instal led at varlous circl;rmferential  locations;  the 
outer and inner  taps were diametrically opposed. Four teqerature  rakes 
of five  themocauples  each were fixed around the  periphery of the tail- 
cone at this measurfng station. These consisted of duplicate se ts  of ten 
thermocouples, located  radially at area  centers of equal azlzlular areas. 

I 

In   addi t ion  ta  the inlet and  outlet  inetrumntation, four static taps 
. .  - 

on the inner and outer shrouds were installed ahead of each row of blades 
and at the  tailcone exLt (see  fig. I). A n  exception was made at the en- 
t rance  to  the first stator  (station l), however, where two static  taps,  
one on both  the  inner and outer walls,  were instal led behind  each transi-  - 
t ion   l iner ,  , m k L n g  a t o t a l  of 20 tap8. The interstage  static-pressure 

. 
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t aps  were again spaced  around the circumference of the twbine,  the inner 

on the stator shrouds as ne= as possible  to the center of two adjacent 
blades. During the  investigation, the observed  values of inters tage  s ta t ic  

near the t ip .  It is believed that leakage  over  the shrouded first and 
second rotor  blading produced local flaw effects which produced erroneous 
static-pressure  readings. Consequently, these  static-pressure  values  are 

I and outer  taps  being  diametrically  opposite. All stat ic   taps  were located 

- pressure at the outer shroud did  not  represent the true flow  conditions 

w not  considered  herein. 
% 
0 

The turbine was operated at constant naminal values of i n l e t   t o t a l  
pressure  and temperature corresponding t o  35 inches of mercury absolute 
and 70O0 R, respectively, f o r  equivalent  rotational  speeds of 20, 40, 60, 
70, 80, 90, 100, UO, 120, and 130 percent of design equivalent  speed  over 
a range of over-all  total-pressure  ratios  @/pi fram 1.4 to  approd- 
mately 4.8. The inlet total   pressure pt, was taken  as   the  ar l thet ical  
average of the  ten  =el-type probe readings  located i n  the  transit ion 
l iners  (measuring s ta t ion 0, f ig .  1). Turbine-inlet  temperature was  
similarly determined at the same measuring s ta t ion and corrected for re- 
covery effects.  The turbine-outlet  pressure p' i s  defined  as  the 

J 

x, 7 
I static  pressure at the third-rotor  outlet  (station 7)  plus  the  velocity 

pressure  corresponding to the ax ia l .  cmponent of the absolute  rotor-outlet 
velocity. This calculated  value of p * charged the turbine  for the 
available energy of the rotor-outlet  tangential  velocity, and hence the 
efficiency  values  presented will be conservative. The ,pressure was 

calculated from ,measured total   pressure,   static  pressure,  t o t a l  tempera- 
ture, air weight flow, and the known area at the measuring station. 

x, 7 

p:, 7 

A series of nominal aver-all  total-pressure ratios was imposed across 
the  turbine, and at each  selected  pressure  ratio  the  speed was varied frm 
X) t o  130 percent of the  design equivalent speed. A t  l o w  speeds, however, 
the range of pressure r a t i o  was limited by the Ugh torque  outputs, which 
exceeded the absorbing  capacity of the dynsmameters, maIdng it impossible 
t o  ,maintain a constant  speed. The inlet temperature was ,Wntained con- 
stant by regulating  the amount  of f u e l  t o  the burners. Turbine-inlet 
pressure was fixed at a p p r o m t e l y  35 inches of mercury absolute by regu- 
la t ing the butterfly th ro t t le   va lves   in  the cambustion-air inlet supply 
piping.  Turbine work output and brake internal  efficiency  are  based on 
the observed values of torque. Readings of torque and air weight flow 
were fa i red   for  each  speed i n  order t o  ,mLnimize raabm experimental  errors. 



8 

RESULTS AND DISCUSSION 

Over-All  Turbine Performance 

NACA RM E54JI.5 

The over-all performance of' the J"L experimental  turbine is presetited 
i n  terms of equivalent shaft work, e q u i d e n t  we3gh-L flow, Brake internal 
efficiency,  equivalent  total-pressure  ratio, and percentage of design 
equivalent  rotor  speed. All parameters are corrected  to NACA standard 
sea-level conditions corresponding to -29.92. inches of mercury absolute 
and 518.7O R. The parameters were reduced t o  equivalent  conditions i n  
the same mmer as izY reference 1. 

The variation of equivalent shaft work E/Bcr,o with a weight-flow 

parameter - wN. e f o r  constant  vdues of over-all total-pressure  ratio 6080 

p6&, 7 and equivalent  rotor speed N/dCi is presented i n  Pigme -3. 
Contours of constant  values of brake i n t e r r d  efficiency q1 are in- 
cluded. !Che turbine &?si@ operating  point based on the-design  equiva- 
len t  speed and the design equivalent work output is shown. This design 
operating  point  occurs at an over-all  total-pressure  ratio of approxL- 
mstely 3.45 and corresponds to a brake intern&  efficiency of 0.877. 
Peak efficiency  at  the design equivalent  speed was 0.878, occurring at 
an over-all  total-pressure  ratio of  3.2. Valu_es of_effi.$ency  greater . . 

than 0.88 were obtairitid at overspeed turbine operation. 'phe maximum ef - 
ficiency obtained was 0.886 and occurred at a pre.ssi&e r a t io  of 4 .O and 
120 percent of the  design  equivalent  rotor speed. It can be noted further 
i n  figure 3 that the turbine yi.elds a camparatively high efficiency over 
a w i d e  range of pressure  ratio and speed. The turbine exhibits higher 
peak efficiencies-and a wider range of efficient  operation t m  w e r e  at- 
tained by the two turbines  reported in references 1 and 5, although all 
three units were designed to produce essentially  the same work output. 
The 571 experimental  turbine,  therefore, has adequate f lex ib i l i ty  t o  al low 
for the previously mentioned different modes of engine aperation. 

., . . . 

The variation of equivalent weight flow (w,i/ecr,'/60) E Kith over- 
all total-pressure  ratio i s  presented in .  figure 4. The figure  indicates 
that ,  above an over-all  pressure  ratio of apprd- te ly  4 4 ,  the turbine 
is choked fo r  all values of equivalent speed. "%!he value- of choking weight 
flaw decreases .&5 the  kurbine .speed i s  increased. It .ap-pars that the 
weight-flow cmes"For- the 60-, 70-, BO-, and 90-grcent speeds would all 
choke at a value of approximately 42.95 pounds per second i f  higher  pres- 
sure ra t ios  were obtainable, indicating that in tu6 speed range the first 
s ta tor  is probably choked. Because of the decrease in equivalent weight 
flow with fncreases i n  rotatfond. speeds above 90 percent of design 
equivalent  speed and at pressure ratios above 4.1, it i s  concluded that - 

the  turbine does not choke i n  the f i r s t  stator, but somewhere downstream 
of the f i r s t   s t a t o r .  

. . . . - -. . - . ." - 
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A s  stated previously, the design  equivalent weight flow w a s  40.3 
pounds per second.  Furthermore, the design  equivalent shaft work w a s  
obtained at an over-all  pressure  ratio of 3.45,_as  denoted in  f igure  3.  

" At the  design speed and at a pressure  ratio of 3.45, the observed  weight 
flow from figure 4 was 42.44  pounds per second, or 5 percent more than 
the design  value,  even though the stator  areas were decreased t o  97 per- 
cent of the design  value. 

Figure 5 presents  the  variation of equivalent  torque 2 8 with 

over-all tow-pressure ratio  for  the  various  equivalent  rotor speeds in-  
vestigated.  For  the range of conditions  investigated, it can be noted 
that the  values of equivalent  torque are s t i l l  increasing at the high 
pressure  ratios. The slopes of these  curves for the higher  speeds are 
decreasing, however, &8 the pressure  ratio i s  increasea. This indicates 
that   l imiting blade loading,  defined  herein as the point at which any in- 
crease i n  pressure  ratio at any given  speed r e s u l t s   i n  no increase i n  work 
output  (or  equivalent  torque), i n   t he  last rotor was not reached,  although 
it was being approached. The mchazlism of turbine  limiting  blade  loading 
i s  discussed and analyzed i n  reference 6. 

80 

- 
Blade-Row Choking 

d Figure 6 i s  a plot showing the variation of the  ra t io  of the   s ta t ic  
pressure at the hub of the  turbine t o  the inlet pressure p/p' as a 0 
function of the aver-& pressure  ratio p */p as observed at the dif- 

0 x,7' 
ferent measuring stations f o r  the   des ign   eqglkent   ro tor  speed. Curves 
of this type have proved useful. i n  determining which blade rows i n  a tur- 
bine axe choked, i f  any, and the turbine operating  condition at which 
these blade rows choke. Choldng i n  a particular bl& row, or downstream 
of a blade row, i s  prevalent when the  ra t io  of static pressure t o  inlet 
t o t a l  pressure ahead of the blade row .remains constant with increasing 
values of over-all turbine pressure ra t io .  Choking i n  a given  blade row, 
rather than same point downstream, occurs i f  the pressure-ratio  curve 
ahead. of the  particular  blade row obtdns  a zero slop at a lower over- 
dl pressure ratio  than  those  curves  representing measuring stations 
far ther  downstream. 

Mgure 6 indicates that all measuring stations have a zero  slope at 
a pressure  ratio of approxLmately 4.2, with the exception of measuring 
stations 7 and 8 .  The fac t  that the ordiwte  continuously decreases f o r  
these two measuring stations as the aver-all  pressure r a t i o  i s  increased 
above this value of 4.2, while the preceding  measuring station  (station 
6) r e m ~ n s  constant,  denotes  that  the  third-rotor row of blades i s  oper- 

design  speed i s  well above the design operating  pressure  ratio (3.45) as 
- ating at a choked condition. This choking value of pressure  ratio at the 
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indicated in figure -3 .  A t  pressure  ratios above this choking value of 
4.2,  then, any additional work output.from  the  turbine must resu l t  solely 
from an increase i n  the  tangential  velocity  out of the &ird rotor .  'Eo "" 

choking was observed i n  the  turbine. tdlcme. 

Because all ,curves ahead of stat ion 6 i n  figure 6 a t ta in  a zero 
slope at about the same pressure r a t i o  (4.21, it i s  difficult t o  ascer- 
t a i n  w h e t h e r  any of the preceding blade raws axe also choked. HoweveY, 
it can be concluded that the first stator i s  unchoked, because the value ... 

of p/p; behind  the  stator (measuring stat ion 2) did not  reach  the 
choking value of 0,528. Figure 6 .a lso indicates that a$ measuring s ta t ion 
1 (ahead of f irst  s ta tor}  the value. of- p/p' is  constant a t  a value .of 

0.92 Over most of the range of pressure  ratio  investigated. This value 
i s  actuailly,  then, a measure af the free-sQ.e&.i.v$occXy pressure at -the 
hub of the  f irst-stator  entrance and i s  relat ively cons&& solely be-. 
cause the a i r - f h w  :change over the e-ntire  range of pressure ra t ios   in -  
vestigated was o n l y  18 percent. 

- 0  

. .  . .  

From an investigation of a J71 experimental  three-stage  turbine  with 
97-percent-design stator  areas  operated over a range of equivalent  speed 
and total-pressure  ratio at inlet  conditions of 35 inches of mercury 
absolute and 7W0.R, the followring resu l t s  . w e r e  obtained: 

1. A t  the design equivalent speed and shaft work output of 32.4 Btu 
per pound, the  turbine produced a brake internal  efficiency of  0.877 at 
an over-all  total-pressure  ratio af 3.45. 

. .  ." .. 

. . . - 

u -  - 

. .. 

. . -  
- 

u 
." 

" 
" 

2. The maximum bra;ke internal  efficiency  obtained was 0.886 and  oc- " 

curred at a pressure r a t i o  of -4.0 and 120 *cent- of design equivalent 
rotor  speed. 

" 

" 

- 

3. The turbine presented a wide range of efficient  operation,  there- 
. .. 

by germitt ing  f lexibil i ty of engine operation. . .. . .  .. - 

" 
.. . 

4. The equivalent  weight  flow  abtalned at the eqevalent  design  speed . .- 
- 

apd work output was 42.44 pounds per second, or approximately 105 percent 
of the design value. 

. " 

" 

~. -_ 
5. Limiting blade loading of the third-stage rotor  tf88 being ap- 

proached, but- was not  obtained  over the range of conditions  investigated. 

. 
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6. The third rotor  choked at design  speed and an  over-all  pressure . r a t i o  of 4.2. . 
c Lewis Flight  Propulsion  Laboratory 

National Advisory Committee f o r  Aeronautics 
Cleveland, Ohio, October 19, 1954 
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r Calculatec 
over-al l  
t o t a l -  
pressure 
r a t i o  

p&% J 7 

1.351 
1.363 
1.370 

1.516 
1.530 
1.538 
I. 528 
1.528 
1.522 
1.521 
1.514 

1.704 
1.694 
1.717 
1.711 
1.737 
1.750 
1.731 
1.764 
1.737 
1.772 
1.776 
1.738 
1.772 

1.998 
1.985 
2.017 
2.029 
2.028 
2.040 
2.048 
2.054 
2.050 
2.046 
2.040 

2.194 
2.247 
2 :21a 
2.269 
2.248 
2.293 
2.254 
2.291 
2.261 
2.263 
2.240- 
2.240 
2.256- 
2.247 
2.234 

TABU I. - DATA SUMMARY FROM INVESTIGATION OF J71 

3ver-a11 
total- 
pressure 
r a t i o  
PyP; 

I. 341 
1.362 
1.36s 

1.502 
1.526 
1.532 
1.513 
1.502 
1.479 
1.471 
1.454 

1,679 
1 ..662 
1.716 
1.702 

1.736 
1.725 
1.741 
I. 715-. 
1.735 
1.722" 
1.686 
1.696 

1.963. 
1.950 

2.Q14 
2.021 
2.016 
2.014 
2.006 
1.982 
1.949 
1.920 

1.728 

1.998 

2.178 
2.228 
2.199 
2.243 

2.262 
2.224 

2.226 
2.248 
2.213 
2.195 
2.175 
2.156 
2.166 
2.126 
2.108 

EXPERIMENTAL TURBINB 

h l e  t 
to ta l  
vessure  

i n .  Hg 
ab8 

34.9-6 
34.96 
34.87 

34.93 

34.89 
34.91 
34.94 
34.98 
35.02 
34.99 

34.98 
34.83 
34.99 
34.88 

34.92 
34.97 
34.96 
34.91 
34.81 
34.92 
34.83 
34.89 

34.83 
34.66 
34.73 
34.78 
34.84 
34.86 
34.90 
34.86 
34.94 
34.96 
34-99 

34.82 
34.92 

34.83 
34.80 
34.95 
34.83 
34.87 

34.88 
34.86 
34.92 
34.81 
34.97 
35.03 

. = ~  .:- .- 

Pi J 

34.87 

34.85 

34.83 

34.  86 

7- -7 

I n l e t  
total 
tempera- 
ture,  

'6, 
OR 

701.1 
702.1 
701.9 

701.2 
701.2 
701.1 
701.1 
701.1. 
701.1 
701.1 
701.1 

701.4 
701 -3 
701.4 
701.3 
701.3 
701.3 
701-  4 
701.3 . 
701.2 
701.2 
701.2 
701.2 
701.2 

701.4 
701.2 
701.4 
701.3 
701.4 
701.3 
701.3 
701.3 
701.3 
701.3 
701.3 

701.4 
701.3 
701.3 
701.3 
701.3 
701 - 4 
701.3 
701.3 
701.3 
700.3 
701.3 
701.3 
701 -3 
701.3 
701.3 

I 

" 

L 

Outlet 
total 
tempera- 
ture 
T+ J 

OR 

672.7 
657.0 
652.6 

666 .O 
644.3 
635.8 
636.8 
635.5 
640.8 
645.0 
651.1 

659.4 
661 .O 
632.8 
635.0 
619.5 
616.0 
615.3 
614.6 
614.6 
613 -8 
616.0 
618.5 
620.9 

622.6 
622.2 
602.9 
597.3 
594.9 
593.4 
592.4 
592.7 
594.9 
599.7 - 
606.5 

596.5 
584'. 4 
586.5 

581.0 
577.0 
579 * 1 
576.1 
578.2 
579.5 
580.4 
582.5 

588.6 " 
582.7 

589.5 

578.9 

" 7 . -  ." 

I'urbine 
speed, 

N, 
rpm 

705 
1406 
2116 

707 
1402 
2104 
2462 
28 20 
3164 
3514 
3876 

709 
7 06 

1408 
1409 
21 08 
2444 
2462 
2815 

3160 
3524 
3506 
3862 

1402 
1406 
2110 
2460 
2470 
2816 
3169 
3519 
3870 
4220 
4578 

2112 
2460 
2460 
2812 
2810 
3166 
3166 
3516 
3516 
3865 
3880 
4226 
4228 
4566 
4574 

2814 

F" 

de igh t  
elow,  

W J  
Lb/sec 

36.0€ 
35.16 
33.69 

38.8f 
38.7: 
37.53 
36.45 
36.29 
35.59 
35.4c 
35.12 

40.49 
40.37 
40.65 
40.49 
39.76 
39.58 
39.4c 
39.09 
38 - 86 
38-65 

38.25 
38.13 

41.82 
42.04 
41.46 
41.23 
41.40 

40.47 
40.07 
39.84 
39.58 
39.46 

42.21 
41.95 
42.05 
41.56 
41.55 
41.22 
41.21 
40.92 
40.86 

40.57 
40.28 
40.24 
40.28 
40.23 

38.28 

40. a4 

40.58 

rorqu e, 
7 ,  

f t - l b  

269 4 
203 4 
1407 

3519 
28 65 
21 44 
1759 
1512 
1220 
1005 
791 

419 7 

3520 
3513 
28 20 
2507 
2412 
219 4 
2104 
1924 
1649 
1585 
1412 

4289 
4283 
3552 
3 200 
3182 
2854 
2535 
2231 
1978 
1709 
1461 

3952 
3 603 
3595 
3277 
3248 
293 5 
2908 
2648 
2589 
23 09 
2275 
2022 
2001 
1792 
1763 

4189 

'56t 
tD 
0 

, ;. 

Y 

1. 
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TABLE I. - Concluded. DATA SUMMAFlY FROM INVESTIGATION 

OF J71 EXPERlMENTAL TURBINE 

Calculatec 
o v e r - a l l  
total- 
p r e s s u r e  
r a t i o ,  

pb/p;, 7 

2.585 
2.597 
2.588 
2.618 
2.618 
2.632 
2.645 
2.639 
2.604 

2.630 
2.639 

2.634 
2.621 
2.638 

2.966 

3.018 
2.997 

3.044 
3.053 
3.063 
3 -077 
3.043 

3.306 
3.275 
3.306 
3.316 
3.352 
3.350 
3.406 
3 -387 
3.375 
3.428 
3.330 

3.976 
4.049 
4.091 
4.124 
4.150 

4.288 
4.391 
4.224 
4.321 
4.416 
4.391 
4.428 

4.671 
4.765 
4.820 
4.901 
4.989 
4.936 

her-all 
t o t a l -  
?ressure 
? a t i o ,  
P y P ;  

2.560 
2.557 
2.542 
2.583 
2.600 
2.591 
2.612 
2.596 
2.558 
2.594 
2.573 
2.551 
2.525 
2.525 

2.887 
2.999 
2.959 
2.984 
3.013 
2.995 
3.010 
2.923 

3.245 
3.218 
3.238 
3.288 
3.210 
3.219 
3.376 
3 -361 
3.304 
3.339 
3.349 

3.915 
3 - 865 
3 .SO9 
4.051 
4.055 

4.187 
4.184 
4.072 
4.074 
4.230 
4.217 
4.456 

4.327 
4.565 
4.641 
4.590 
4.369 
4.864 

:rile t 
; o t a l  
ressure, 

in. Hg Pb 

ab6 

34-.92 
34.83 
35.10 
34.77 
34.79 
34.90 
34.92 
34.81 
34.76 
34.86 
34.79 
34.79 
34.97 
34.82 

34.85 
34.82 
34.83 
34.79 
34.83 
34.86 
34.83 
34.87 

34.85 
34.85 
34.91 
34.72 
34.76 
34.77 
34.81 
34.82 
34 -86 
34.86 
34.93 

35.74 
35.79 
35.85 
35.73 
35.81 

35.76 
35.73 
35.02 
35.65 
35.74 
35.68 
35.78 

35.74 
35.93 
34 .SO 
35.80 
35.78 
35.70 

. .  

Wet  
; o t a l  
;ernpera- 
;me, 

OR 
Tb, 

701.4 
701.5 
701.5 
701.4 
701.4 
701.4 
701.4 
701.3 
701.3 
701.3 
701.3 
701 -3 
701.3 
701.3 

701.4 
701.4 
701.4 
702.4 
701.4 
701.4 
701.3 
701.3 

701.4 
701.5 
702.4 
701.4 
701.4 
702.3 
701.4 

700.3 
701.4 

702.3 
701.3 

701 -3 
701.3 
701.3 
702.3 
701.3 

701.3 
702.3 
701.3 
701.3 
701.3 
701 -3 
701.3 

702.3 
702.3 
701.4 
701.3 
701.3 
701.3 

h t l e t  
i o t a 1  
tempera- 
m e ,  

OR 
T; 9 

576.5 
569.1 
570.6 
563.0 
562.3 
559.1 
557.9 
556.0 
558.0 
557.1 
556.6 
558.8 
559.5 
560.6 

566.4 
555. 8 
547.1 
542.1 
538.4 
537.1 
537.5 
539 .s 

545.5 
547.0 
537.0 
536.8 
530.3 
530.8 
526.3 

523.4 
526.2 

523 -5 
527.3 

513.9 
507.7 
505.2 
504.4 
503.5 

510.3 
503.9 
502.4 
501.2 
499.7 
500.6 
499. I 

506.2 
501.0 
494.9 
496.4 
496.6 
495.8 

2112 
2462 
246 1 
2809 
28 18 
3151 
3168 
3 523 
3503 
3870 
3848 
4216 
4222 
4571 

2106 
2458 
2818 
3168 
3500 
3867 
4213 
4582 

2451 
2460 
2802 
28 22 
3169 
3164 
3516 
3520 
3868 
4220 
4571 

3171 
3518 
3875 
4224 
4572 

3164 
3518 
3516 
3872 
4221 
4235 
4576 

3170 
3524 
,3517 
3873 
4218 
4575 

re ight  
’low, 

.b/sec 
w, 

42.84 
42.66 
42.55 
42.33 
42.22 
42.16 
42.03 
41.73 
41.60 
41.45 
41 -31 
41.16 
41.19 
41.04 

43.07 
42.92 
42.80 
42.51 
42.26 
41.90 
41 -61 
41.54 

42.98 
42.90 
42.91 
42.77 
42.52 
42.61 
42.31 
42.27 
42.08 
41.76 
41.67 

44.11 
43  .84 
43.65 
43.18 
43.21 

44.13 
43.76 
42.70 
43.54 
43 -19 
43.14 
43.15 

44.05 
44.00 
42.59 
43.54 
43.33 
43.05 

‘orque , 
f t - l b  

4568 
4201 
4149 
3834 
3813 
3477 
3466 
3115 
3070 
2812 
2807 
2537 
249 8 
2285 

5019 
4662 
4326 
3953 
3618 
3235 
29  28 
26  55 

49 70 
4936 
4596 
4580 
4272 
4221 
3955 
3869 
3511 
3 225 
289 0 

4777 
4448 
4096 
3762 
3 476 

49 15 
4558 
4387 
4190 
3883 
3861 
3608 

5068 
4733 
4612 
4375 
4071 
3753 

c 
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Figure 2. - Installation of J?'l experimental three-stage  turbine on full-scale 
turbine component test faci l i ty .  
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Figme  5 .  - V a r i a t i o n  of equivalent tarqut vith over-all pressure ratio for conatant values of 
equivalent rotar epeed. 



p 

Flgurs 6. - Variation d ratio of  hub static pressure t o  Inlet total  pressure with aver-all pressure 
ratio at different mxunming stations for b e l g n  eaphalent w e b .  
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